This paper presents the results of a simulation of compressor performance deterioration due to blade erosion. The simulation at both design and off-design conditions is based on a mean line row by row model, which incorporates the effects of blade roughness and tip clearance. The results indicate a pronounced effect of blade erosion on the compressor adiabatic efficiency and a lesser effect on the pressure ratio. The loss in performance is mainly caused by the increased blade surface roughness and was highest at 100% speed.
INTRODUCTION
Aircraft engines are often exposed to ingestion of sand or runway gravel, causing the erosion of fan and compressor blades. This leads to increased blade surface roughness and tip clearances with a subsequent degradation in performance [Hamed, Tabakoff and Wenglarz (1988) , Tabakoff (1988) ].
In addition severe erosion damage can change the blade leading edge characteristics and reduce the blade chord, which can further deteriorate the performance Tabakoff (1983, 1984) , and Batcho, Moller, Padova and Dunn (1987) ].
Several investigators have developed performance deterioration models for compressors based on the "stage stacking" method. In this approach changes were introduced in the individual cornThis paper was originally presented at ISROMAC-6. Corresponding author.
pressor stage characteristics to reflect the effects of erosion [Batcho, Moller, Padova and Dunn (1987) , Tabakoff, Lakshminarasimha and Pasin (1990) ], and fouling [Muir, Saravanamutto and Marshall (1989) , Aker and Saravanamutto (1989) ] on the stage pressure, work and efficiency. Using thin airfoil theory, Batcho et al. [1987] [Casey (1987) , Miller and Wasdell (1987) ]. In the present investigation the effects of increased surface roughness and tip clearance due to erosion are introduced into the loss model. This model could generally be applied to predict the compressor stage performance, given the blade inlet and exit metal angles, blade stagger, camber, chord, solidity, thickness to chord ratio, and hub and tip diameters.
MODEL DESCRIPTION
The mean line performance model is based on the use of empirical correlation's for the incidence and deviation angles and pressure losses, which are separated into, profile, annulus, secondary and tip clearance losses [Casey (1987) , Miller and Wasdell (1987) ]. In the present study the NASA SP-36 [Johnsen and Bullock (1965) ] correlation is used for incidence angle and Carter's model [Horlock (1973) ] is used to calculate the flow deviation angle.
The loss model developed by Koch and Smith [Koch and Smith (1976) ] is used for design point operation, whereas Swan's method [Swan (1961) [Mills and Hang (1983) ] was used to model the effects of increased surface roughness in the calculation of the profile losses due to the boundary layer development on the blade surface.
Cd (2.625 0.618 loge(ks/c)) -257. (2) The equivalent sand grain roughness, ks was taken to be equal to 6.2 times the center line average roughness [Koch and Smith (1976) ], and the center line average surface roughness of smooth blades was taken as Ra=0.371 lam [Kramer and Smith (1978) ]. The contribution of the surface roughness to the profile loss is calculated from the following relation:
CO CdCr(cos/1)2/(COS/m) 3. The increase in the rotor tip clearance due to erosion was taken to be equal to 1% of the blade height based on the experimental data of Balan and Tabakoff (1984) .
In the model, the flow conditions at the blade row exit are iterated from the assumption of an initial exit axial velocity and the upgraded loss calculations. 
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